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Abstract Text (1) : 

A typical structure of a file server system is a file server system having a 
plurality of file servers connected in parallel on a network and sharing files 
placed distributedly in the file servers among a plurality of client computers, and 
there are provided in a specific file server among the plurality of file servers, a 
load information monitoring device for measuring respective loads of the plurality 
of file servers and a file access request distributing device for referring to the 
loads measured by the load information monitoring device so as to select a file 
server having a light load from the plurality of file servers having light loads, 
and distributing a file access request transmitted from client computers to the 
selected file server. 

Brief Summary Text (14) : 

One of the features of a file access control method according to the present 
invention exists in a file access control method including the steps of, in a file 
server system having a plurality of file servers connected in parallel on a network 
and sharing files arranged distributedly in the plurality of file servers among a 
plurality of client computers, measuring respective load information of the 
plurality of file servers, selecting the file server for making file access by 
referring the load information when the file access request issued from a client 
computer through the network is received, and distributing the file access request 
to the selected file server. 

Brief Summary Text (15) : 

To be more concrete, when a file access request from a client computer is a request 
for writing a new file, the load information of a plurality of file servers is 
measured so as to select a file server having the lightest load, and a file write 
request is issued to the file server. Or, when a file of a mirror structure is 
produced, a plurality of file servers each having a light load are selected, and a 
file write request is issued to each of these file servers. Further, when the file 
access request from the client computer is a file read request and the read 
objective file is of a mirror structure, the load information of the plurality of 
file servers taking charge of respective plurality of file storage devices where 
the read objective files are stored is measured so as to select one file server 
having the lightest load, and a file read request is issued to the file server. 



Brief Summary Text (16) : ^/ 
The load information is measured by counting the number of respective file access 
requests left unprocessed of the plurality of file servers. For such a purpose, at 
least one of the plurality of file servers is used as a master file server, and a 
load information monitoring means for recording and renewing the number of 
respective file access requests left unprocessed of the plurality of file servers 
in a load information table is provided in this master file server. Further, in 
this master file server, there is provided a means for distributing the file access 
request from the client computer using a file attribute table for recording 
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correspondence relationship between respective files and file servers taking charge 
of write of these files, a load information table and a file attribute table. 

Brief Summary Text (17) : 

A typical structure of a file server system according to the present invention is 
such that, in a file server system having a plurality of file servers connected in 
parallel on a network and sharing files installed distributedly in the file servers 
among a plurality of client computers, there are provided, in each of the plurality 
of file servers, a file storage means for storing files, a first communication 
control means for controlling communication with another file server through the 
network and a file access control means for receiving a file access request and 
making file access to the file storage means, and on the other hand, there are 
provided further in addition to the above, in a specific file server among the 
plurality of file servers, a second communication control means for controlling 
communication with the client computer mentioned above, a remote file access 
processing means for administrating communication protocol of the file access 
request issued from the client computer, a load information monitoring means for 
measuring respective loads of the plurality of file servers, and a file access 
request distributing means for selecting a file server making file access from the 
plurality of file servers by referring to the loads measured by the load 
information monitoring means, issuing a file access request to the file access 
control means of its own file server when the selected file server is its own file 
server, and issuing a file access request to the file access control means of the 
selected file server through the first communication control means when the 
selected file server is another file server. 



Detailed Description Text (4 ) : 

In the present embodiment, the specific file server 100 is called a master file 
server. In the master file server ICQ, a remote file access processing means 300 
for receiving a file access request issued from a client computer and a file 
control means 500 for controlling distributed placement of the files so that the 
load of individual file server is not deviated largely, and distributing the 
received file access request to individual file server are formed further. For such 
file control and distribution of file access request, a file attribute table 508 
and a load information table 509 are used. In a server information control table 14 
of a client computer, information on the master file server 100, that is, machine 
addresses of the master file server 100 are stored. 

Detailed Description Text (8) : 

The file control program 501 will be described with reference to FIG. 4 which shows 
a more detailed program structure. The file control program 501 administers a file 
attribute table 508 and a load information table 509, and delivers a file access 
request delivered from the remote file access processing program 301 to the file 
access control program 601 after converting the file access request into 
information on the file server, information on the file storage device and 
information on a file storage position in the file storage device using those 
tables described above. Processings of distributed placement of files and selection 
of the access objective file server in accordance therewith are performed. For that 
purpose, the file control program 501 is composed of a file access request receipt 
program 504 for receiving a file access request delivered from the remote file 
access processing program 301 and determining whether the request is a write 
request or a read request, a file distributing program 502 for determining by which 
file server the file is to be written at file write time, a read request scheduling 
program 503 for determining to which file server access is to be made at read time 
and a load information monitoring program 505 for measuring the loads of respective 
file servers by counting the number of access requests left unprocessed of 
respective file servers. In the file attribute table 508, a file server identifier 
where files are stored corresponding to respective files, a file storage device 
identifier and information on file storage positions in the file storage device are 
held. The number of access requests left unprocessed of respective file servers is 
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held in the load information table 509. 
Detailed Description Text (14): 

The file control program 501 is operated as shown in FIG. 9. First, in a file 
access request receipt program 504, after a file access request from the remote 
file access processing program 301 is received, it is determined whether the file 
access request is write or read, and the file distributing program 502 is activated 
in case of write and the read request scheduling program 503 is activated in case 
of read. In the file distributing program 502, a file attribute table for a write 
file is generated, and then, a file server has a small number of unprocessed access 
demand is determined as a file server for storing a file by referring to a load 
information table 509, Further, when a duplicate of a file is produced and stored 
in another file server, a file server having a small number of access request left 
unprocessed as the file server for storing a duplicate of the file by referring to 
the load information table 509 again. The information of the file server for 
storing these files and duplicate files is recorded as a server identifier in the 
file attribute table 508, and a load information monitoring program 505 is 
activated. In the read request scheduling program 503, the file attribute table 508 
for the file to be read is acquired, and the file server where the file concerned 
is stored is deduced therefrom. When the file is stored not only in one file 
server, but also the duplicate thereof is stored in another file server, it is 
determined which of the file body or the duplicate is to be read by referring to 
the load information table 509, and the load information monitoring program 505 is 
activated. In the load information monitoring program 505, the load information is 
monitored by incrementing the number of access requests left unprocessed for the 
access objective file server, the information showing the part of the objective 
file to be made access is sent to a file access control program 601, thus 
activating the file access control program 601. 

Detailed Description Text (16) : 

Next, a way of storing a file in the embodiment is shown in FIG. 10 and FIG. 11. 
When the load of the file server is monitored in advance by a load information 
monitoring program, and the file and the duplicate file thereof are stored in two 
file servers having the lightest load at time of writing file, the combination of 
two file storage devices in which mirror files having the same contents are stored 
as shown in a system 108 of FIG. 10 becomes no longer fixed. On the other hand, it 
is also possible to always fix the pair of two file servers for storing the file 
and the duplicate file thereof, thereby to form the pair of file data in the file 
storage device in a mirror structure completely as shown in a system 118 of FIG. 
11. In this case, it is also possible to determine the pair of the file servers for 
storing respective files by determining which load of the pair is lighter among a 
plurality of pairs of combined file servers. In lieu of the above, all of the file 
servers are also able to store file data having the same contents. 

Detailed Description Text (17): 

As described above, according to the present embodiment, it becomes possible to 
make access to a file server having small file access load by the file distributing 
program 502 and the read request scheduling program 503 by controlling the number 
of access requests left unprocessed by the load information monitoring program 505 
and monitoring file access loads for respective file servers. Moreover, since the 
file and the duplicate file thereof are stored in a plurality of file servers, even 
when access requests from client computers for the same directory or file are 
generated simultaneously, it becomes possible to distribute these requests in a 
plurality of file servers. Namely, when a plurality of file servers are connected 
in parallel on a network so as to share a file among a plurality of client 
computers, even if the plurality of client computers make access to the same 
directory or file simultaneously, it is possible to prevent generation of a 
bottleneck due to concentration of access to a specific file server and lowering of 
a throughput attendant thereupon, thereby to realize access of high throughput from 
client computers . 
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CLAIMS: 

1. A file server system having a plurality of file servers connected in parallel on 
a network and sharing files placed distributedly in said file servers among a 
plurality of client computers, comprising in each of said plurality of file 
servers ; 

a file storage means for storing files; 

a first communication control means for controlling communication with another file 
server through said network; and 

a file access control means for receiving a file access request and making file 
access to said file storage means; and further comprising in a specific file server 
among said plurality of file servers; 

a second communication control means for controlling communication with said client 
computers ; 

a remote file access processing means for controlling communication protocol of a 
file access request issued from said client computers; 

a load information monitoring means for measuring respective loads of said 
plurality of file servers; and 

a file access request distributing means for referring to the loads measured by 
said load information monitoring means so as to select a file server making file 
access from said plurality of file servers, issuing a file access request to the 
file access control means of its own file server when the selected file server is 
its own file server, and issuing a file access request to the file access control 
means of the selected file server through said first communication control means 
when the selected file server is another file server. 

2. A file server system according to claim 1, wherein said load information 
monitoring means includes means for counting the number of file access requests 
left unprocessed in each of said plurality of file servers. 

3. A file server system according to claim 1, wherein said file access request 
distributing means includes: 

a write-read determining means for determining whether the file access request 
issued from said client computer is a write request or a read request; 

a file division placement means for selecting a file server for storing a file by 
referring to the load measured by said load information monitoring means at file 
write time; and 

an access objective file server scheduling means for selecting a file server which 
is an object of read from a file server where a read objective file is stored by 
referring to the load measured by said load information monitoring means at file 
read time. 

5. A file server system according to claim 3, wherein said file division placement 
means selects at least two or more file servers for storing write objective files, 
and said access objective file server scheduling means refers to loads acquired by 
said load information monitoring means among those file servers in which read 
objective files are stored so as to select a file server having a light load as a 
read objective file server. 
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8. A file server system according to claim 1, wherein said load information 
monitoring means and said file access request distributing means are provided in at 
least two or more file servers among said plurality of file servers, respectively. 

9. A file server system according to claim 7, wherein said load information 
monitoring means and said file access request distributing means are provided in at 
least two or more file servers among said plurality of file servers, respectively. 

14. A method of controlling file access in a file server system having a plurality 
of file servers connected in parallel on a network and sharing files placed 
distributedly in said plurality of file servers of said file among a plurality of 
client computers, comprising the steps of: 

storing same file data in said plurality of file servers; 

measuring respective load information of said plurality of file servers; 

referring to said load information so as to select a file server making file access 
when a file access request issued from one of said client computer through said 
network is received; and 

distributing the file access request to said selected file server. 

15. A method of controlling file access according to claim 14, wherein said step of 
measuring load information includes a step of counting the number of respective 
file access requests left unprocessed of said plurality of file servers. 

18. A method of controlling file access according to claim 16, wherein a file 
server having a light load is selected based on measured load information among a 
plurality of file servers in which the read objective file is stored so as to adopt 
the file server as a read objective file server. 

20. A method of controlling file access at a high speed according to claim 14, 
wherein said step of selecting the file access objective file server includes the 
steps of: 

measuring load information on respective file servers in at least two or more file 
servers; 

receiving the file access request issued from the client computer with a file 
server measuring said load information ; 

referring to said load information so as to select a file access objective file 
server; and 

distributing the file access request to the file server selected as the file access 
objective file server. 
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DOCUMENT-IDENTIFIER: US 5548724 A 

TITLE: File server system and file access control method of the same 



Abstract Text (1) : 

A typical structure of a file server system is a file server system having a 
plurality of file servers connected in parallel on a network and sharing files 
placed distributedly in the file servers among a plurality of client computers, and 
there are provided in a specific file server among the plurality of file servers, a 
load information monitoring device for measuring respective loads of the plurality 
of file servers and a file access request distributing device for referring to the 
loads measured by the load information monitoring device so as to select a file 
server having a light load from the plurality of file servers having light loads, 
and distributing a file access request transmitted from client computers to the 
selected file server. 

Brief Summary Text (14) : 

One of the features of a file access control method according to the present 
invention exists in a file access control method including the steps of, in a file 
server system having a plurality of file servers connected in parallel on a network 
and sharing files arranged distributedly in the plurality of file servers among a 
plurality of client computers, measuring respective load information of the 
plurality of file servers, selecting the file server for making file access by 
referring the load information when the file access request issued from a client 
computer through the network is received, and distributing the file access request 
to the selected file server. 

Brief Summary Text (15) : 

To be more concrete, when a file access request from a client computer is a request 
for writing a new file, the load information of a plurality of file servers is 
measured so as to select a file server having the lightest load, and a file write 
request is issued to the file server. Or, when a file of a mirror structure, is 
produced, a plurality of file servers each having a light load are selected, and a 
file write request is issued to each of these file servers. Further, when the file 
access request from the client computer is a file read request and the read 
objective file is of a mirror structure, the load information of the plurality of 
file servers taking charge of respective plurality of file storage devices where 
the read objective files are stored is measured so as to select one file server 
having the lightest load, and a file read request is issued to the file server. 

Brief Summary Text (16) : 

The load information is measured by counting the number of respective file access 
requests left unprocessed of the plurality of file servers. For such a purpose, at 
least one of the plurality of file servers is used as a master file server, and a 
load information monitoring means for recording and renewing the number of 
respective file access requests left unprocessed of the plurality of file servers 
in a load information table is provided in this master file server. Further, in 
this master file server, there is provided a means for distributing the file access 
request from the client computer using a file attribute table for recording 
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correspondence relationship between respective files and file servers taking charge 
of write of these files, a load information table and a file attribute table. 

Brief Summary Text (17) : 

A typical structure of a file server system according to the present invention is 
such that, in a file server system having a plurality of file servers connected in 
parallel on a network and sharing files installed distributedly in the file servers 
among a plurality of client computers, there are provided, in each of the plurality 
of file servers, a file storage means for storing files, a first communication 
control means for controlling communication with another file server through the 
network and a file access control means for receiving a file access request and 
making file access to the file storage means, and on the other hand, there are 
provided further in addition to the above, in a specific file server among the 
plurality of file servers, a second communication control means for controlling 
communication with the client computer mentioned above, a remote file access 
processing means for administrating communication protocol of the file access 
request issued from the client computer, a load information monitoring means for 
measuring respective loads of the plurality of file servers, and a file access 
request distributing means for selecting a file server making file access from the 
plurality of file servers by referring to the loads measured by the load 
information monitoring means, issuing a file access request to the file access 
control means of its own file server when the selected file server is its own file 
server, and issuing a file access request to the file access control means of the 
selected file server through the first communication control means when the 
selected file server is another file server. 

Detailed Description Text (4 ) : 

In the present embodiment, the specific file server 100 is called a master file 
server. In the master file server 100, a remote file access processing means 300 
for receiving a file access request issued from a client computer and a file 
control means 500 for controlling distributed placement of the files so that the 
load of individual file server is not deviated largely, and distributing the 
received file access request to individual file server are formed further. For such 
file control and distribution of file access request, a file attribute table 508 
and a load information table 509 are used. In a server information control table 14 
of a client computer, information on the master file server 100, that is, machine 
addresses of the master file server 100 are stored. 

Detailed Description Text (8) : 

The file control program 501 will be described with reference to FIG. 4 which shows 
a more detailed program structure. The file control program 501 administers a file 
attribute table 508 and a load information table 509, and delivers a file access 
request delivered from the remote file access processing program 301 to the file 
access control program 601 after converting the file access request into 
information on the file server, information on the file storage device and 
information on a file storage position in the file storage device using those 
tables described above. Processings of distributed placement of files and selection 
of the access objective file server in accordance therewith are performed. For that 
purpose, the file control program 501 is composed of a file access request receipt 
program 504 for receiving a file access request delivered from the remote file 
access processing program 301 and determining whether the request is a write 
request or a read request, a file distributing program 502 for determining by which 
file server the file is to be written at file write time, a read request scheduling 
program 503 for determining to which file server access is to be made at read time 
and a load information monitoring program 505 for measuring the loads of respective 
file servers by counting the number of access requests left unprocessed of 
respective file servers. In the file attribute table 508, a file server identifier 
where files are stored corresponding to respective files, a file storage device 
identifier and information on file storage positions in the file storage device are 
held. The number of access requests left unprocessed of respective file servers is 
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held in the load information table 509. 
Detailed Description Text (14): 

The file control program 501 is operated as shown in FIG. 9, First, in a file 
access request receipt program 504, after a file access request from the remote 
file access processing program 301 is received, it is determined whether the file 
access request is write or read, and the file distributing program 502 is activated 
in case of write and the read request scheduling program 503 is activated in case 
of read. In the file distributing program 502, a file attribute table for a write 
file is generated, and then, a file server has a small number of unprocessed access 
demand is determined as a file server for storing a file by referring to a load 
information table 509. Further, when a duplicate of a file is produced and stored 
in another file server, a file server having a small number of access request left 
unprocessed as the file server for storing a duplicate of the file by referring to 
the load information table 509 again. The information of the file server for 
storing these files and duplicate files is recorded as a server identifier in the 
file attribute table 508, and a load information monitoring program 505 is 
activated. In the read request scheduling program 503, the file attribute table 508 
for the file to be read is acquired, and the file server where the file concerned 
is stored is deduced therefrom. When the file is stored not only in one file 
server, but also the duplicate thereof is stored in another file server, it is 
determined which of the file body or the duplicate is to be read by referring to 
the load information table 509, and the load information monitoring program 505. is 
activated. In the load information monitoring program 505, the load information is 
monitored by incrementing the number of access requests left unprocessed for the 
access objective file server, the information showing the part of the objective 
file to be made access is sent to a file access control program 601, thus 
activating the file access control program 601. 

Detailed Description Text (16) : 

Next, a way of storing a file in the embodiment is shown in FIG. 10 and FIG. 11. 
When the load of the file server is monitored in advance by a load information 
monitoring program, and the file and the duplicate file thereof are stored in two 
file servers having the lightest load at time of writing file, the combination of 
two file storage devices in which mirror files having the same contents are stored 
as shown in a system 108 of FIG. 10 becomes no longer fixed. On the other hand, it 
is also possible to always fix the pair of two file servers for storing the file 
and the duplicate file thereof, thereby to form the pair of file data in the file 
storage device in a mirror structure completely as shown in a system 118 of FIG. 
11. In this case, it is also possible to determine the pair of the file servers for 
storing respective files by determining which load of the pair is lighter among a 
plurality of pairs of combined file servers. In lieu of the above, all of the file 
servers are also able to store file data having the same contents. 

Detailed Description Text (17): 

As described above, according to the present embodiment, it becomes possible to 
make access to a file server having small file access load by the file distributing 
program 502 and the read request scheduling program 503 by controlling the number 
of access requests left unprocessed by the load information monitoring program 505 
and monitoring file access loads for respective file servers. Moreover, since the 
file and the duplicate file thereof are stored in a plurality of file servers, even 
when access requests from client computers for the same directory or file are 
generated simultaneously, it becomes possible to distribute these requests in a 
plurality of file servers. Namely, when a plurality of file servers are connected 
in parallel on a network so as to share a file among a plurality of client 
computers, even if the plurality of client computers make access to the same 
directory or file simultaneously, it is possible to prevent generation of a 
bottleneck due to concentration of access to a specific file server and lowering of 
a throughput attendant thereupon, thereby to realize access of high throughput from 
client computers. 
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CLAIMS: 

1. A file server system having a plurality of file servers connected in parallel on 
a network and sharing files placed distributedly in said file servers among a 
plurality of client computers, comprising in each of said plurality of file 
servers; 

a file storage means for storing files; 

a first communication control means for controlling communication with another file 
server through said network; and 

a file access control means for receiving a file access request and making file 
access to said file storage means; and further comprising in a specific file server 
among said plurality of file servers; 

a second communication control means for controlling communication with said client 
computers; 

a remote file access processing means for controlling communication protocol of a 
file access request issued from said client computers; 

a load information monitoring means for measuring respective loads of said 
plurality of file servers; and 

a file access request distributing means for referring to the loads measured by 
said load information monitoring means so as to select a file server making file 
access from said plurality of file servers, issuing a file access request to the 
file access control means of its own file server when the selected file server is 
its own file server, and issuing a file access request to the file access control 
means of the selected file server through said first communication control means 
when the selected file server is another file server. 

2. A file server system according to claim 1, wherein said load information 
monitoring means includes means for counting the number of file access requests 
left unprocessed in each of said plurality of file servers. 

3. A file server system according to claim 1, wherein said file access request 
distributing means includes: 

a write-read determining means for determining whether the file access request 
issued from said client computer is a write request or a read request; 

a file division placement means for selecting a file server for storing a file by 
referring to the load measured by said load information monitoring means at file 
write time; and 

an access objective file server scheduling means for selecting a file server which 
is an object of read from a file server where a read objective file is stored by 
referring to the load measured by said load information monitoring means at file 
read time. 

5. A file server system according to claim 3, wherein said file division placement 
means selects at least two or more file servers for storing write objective files, 
and said access objective file server scheduling means refers to loads acquired by 
said load information monitoring means among those file servers in which read 
objective files are stored so as to select a file server having a light load as a 
read objective file server. 
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8. A file server system according to claim 1, wherein said load information 
monitoring means and said file access request distributing means are provided in at 
least two or more file servers among said plurality of file servers, respectively. 

9. A file server system according to claim 1 , wherein said load information 
monitoring means and said file access request distributing means are provided in at 
least two or more file servers among said plurality of file servers, respectively. 

14. A method of controlling file access in a file server system having a plurality 
of file servers connected in parallel on a network and sharing files placed 
distributedly in said plurality of file servers of said file among a plurality of 
client computers, comprising the steps of: 

storing same file data in said plurality of file servers; 

measuring respective load information of said plurality of file servers; 

referring to said load information so as to select a file server making file access 
when a file access request issued from one of said client computer through said 
network is received; and 

distributing the file access request to said selected file server. 

15. A method of controlling file access according to claim 14, wherein said step of 
measuring load information includes a step of counting the number of respective 
file access requests left unprocessed of said plurality of file servers. 

18. A method of controlling file access according to claim 16, wherein a file 
server having a light load is selected based on measured load information among a 
plurality of file servers in which the read objective file is stored so as to adopt 
the file server as a read objective file server. 

20. A method of controlling file access at a high speed according to claim 14, 
wherein said step of selecting the file access objective file server includes the 
steps of: 

measuring load information on respective file servers in at least two or more file 
servers ; 

receiving the file access request issued from the client computer with a file 
server measuring said load information ; 

referring to said load information so as to select a file access objective file 
server; and 

distributing the file access request to the file server selected as the file access 
objective file server. 
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DOCUMENT-IDENTIFIER: US 5548724 A 

TITLE: File server system and file access control method of the same 
Brief Summary Text (2) : 

The present invention relates to a patent application Ser. No. 08/024,462 entitled 
"HIGH-SPEED FILE ACCESS CONTROL METHOD AND COMPUTER SYSTEM" filed by M. Akizawa et 
al on Mar. 1, 1993. 

Brief Summary Text (4 ) : 

The present invention relates to a computer system such as a work stations and a 
server, and more particularly to a file server system for making access to a file 
stored in a secondary storage device at a high speed and a file access control 
method thereof in a computer system having a multiprocessor structure. 

Brief Summary Text (13) : 

It is an object of the present invention to provide a file access control method 
and a unit thereof capable of preventing generation of a bottleneck due to 
concentration of access to a specific file server and lowering of the throughput 
attendant thereupon even when a plurality of client computers make access to the 
same directory or file in a network where a plurality of file servers are connected 
in parallel for sharing a file among a plurality of client computers. 

Brief Summary Text (14) : 

One of the features of a file access control method according to the present 
invention exists in a file access control method including the steps of, in a file 
server system having a plurality of file servers connected in parallel on a network 
and sharing files arranged distributedly in the plurality of file servers among a 
plurality of client computers, measuring respective load information of the 
plurality of file servers, selecting the file server for making file access by 
referring the load information when the file access request issued from a client 
computer through the network is received, and distributing the file access request 
to the selected file server. ^^^^jUv^^ (^{^Z 

Brief Summary Text (17): X 

A typical structure of a file/ server system according to the present invention is 
such that, in a file server system having a plurality of file servers connected in 
parallel on a network and sharing files installed distributedly in the file servers 
among a plurality of ^TjerTt^co'm^ there are provided, in each of the plurality 



of ^( ^le serve rs;;) a file storage means for storing files, a first communication 
control means^or ^ont ro lling communication with another file server throughthe S(5vvt.<- 
network and a file access" control means torlgecei ving a ffile ac^cesTTeques^ and 
making file access to^tJhe^fjJ^e^^^^t^^ means /"^"aHa" on t he other ^'^^^(^[^ ^t^ ^j!^^r> J^c^mck g.w 
/'pFovi'BeSnfuFtKe^ to the^^Bove/ ^rn ^^'Tpe^i^ the\ J 

/ plurality of file servers, a second communication control means for controlling) 
I communication with the client computer mentioned above, a remote file access 
\ processing means for administrating communication protocol of the file^acces^> 
\^re £u.e^st_ i s s u e d from the c lient compu^ ^r^ a load intorma'rrorr'moni'^ring^eans for 
measuring respective" loacis of the plurality of file servers, and a file access 
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request distributing means for selecting a file server making file access from the 
plurality of file servers by referring to the loads measured by the load 
information monitoring means, issuing a file access request to the file access 
control means of its own file server when the selected file server is its own file 
server, and issuing a file access request to the file access control means of the 
selected file server through the first communication control means when the 
selected file server is another file server. 



Detailed Description Text (3) : 

A file server system 90 formed of a loosely coupled multiprocessor and client 
computers 10, 20 and 30 are connected by a local area network 50. In each of the 
client computers 10, 20 and 30, an application ' program 11 is executed, and, when a 
file access request is generated with the above, a file access re_a ue.st^is^is,s.u.ed, 
from a remote file access request generating imeans 12 to the file server system 90. 
To be concrete, .the file acces;s request is transmitted to a file server 100 which 
is specific one of four units of file servers 100, 110, 120 and 130 forming the 
file server system 90 from a communication control means 16 through the local area 
network '50. Each of the four units of file servers 100, 110,* 120 and 130 takes 
charge of access to file storage means 700, 710, 720 and 730 individually. To that 
end, file access control means 600, 610, 620 and 630 are formed in the file servers 
100, 110, 120 and 130, respectively. Further, the file servers 100, 110, 120 and 
130 communicate with one another through a loosely coupled microprocessor (LCMP) 
network 900. For such a purpose, communication control means 200, 210, 220 and 230 
are formed in respective file servers. 

Detailed Description Text (5) : 

FIG. 2 is a block diagram showing a device struct^jLce of the master fi.1^ server 100. 
The master file server 100 includes a processor (101/ a main memory ^02/ a network 
interface circuit ^0^ and an LCMP network interface circuit 104 connected to one 
another by a system bus ^0^. A remote file access processing program 301, ^a file 
control program 501, a file access control program 601 and a communication control 
program 201 are loaded onto a main memory 102 from a secondary storage device not 
illustrated, respectively, at time of building up the system, thereby to form the 
remote file access processing means 300, the file control means 500, the file 
access control means 600_,.^d the communication control means 200 shown in FIG. 1. 
The file storage means (5oiOy for which the master file server 100 takes charge of 
write-read thereof is a magnetic disk unit as shown in FIG. 2 and is connected to 
the system bus 107. Besides, it does not matter if the file storage means 700 is a 
magneto-optic disk unit, an optical disk unit or the other secondary storage 
device . 



Detailed Description Text (7) : 

FIG. 3 shows a program structure of the master file server 100. The communication 
control program 201 is composed of a network access program(12'05^which becomes an 
interface between the local area network 50 and the master fTIe server 100, an 
interprocessor communication device access program 206 which becomes an interface 
between the LCMP network 900 and the master file server 100, a network 
communication protocol control program 207 for delivering a request received from 
the network access pr ogram 205 after pro tocol conversion so, t h a t the r emct .e^f .i i.e. 
a ge Qss^ pr oces sing p rogram 301 may_ interpret and an interprocessor communiiiati^^ 
protocolcorv^ r CTnp^^gt ^ ^\ ^)r cl'eTi ye^^^^^^ to another Tile 

"^k^rve^ inTerpreted by a fi "le access cojitr,QL proqram 601 which will be described 
^at'^^r ro tn'g^rnte'r processor communication device access program 206 after protocol 
conversion. The file access control program 601 is composed of a file storage 
device identifying program 603 for receiving information on the file storage device 
and the file server from the file control program 501, and delivering information 
on the file storage device to the file storage device access program 604 when 
access is made to the file storage means 700 for which its own processor 101 takes 
charge of access control, and delivering information on the file storage device to 
the interprocessor communication protocol control program 208 when access is made 
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to file storage devices 710 to 730 for which other file servers 110 to 130 take 
charge of access control so as to request access to other file servers, and a file 
storage device access program 604 for receiving information on the file storage 
device from the file storage device identifying program 603 and making access to 
the magnetic disk unit 700 for storing an objective file. 

Detailed Description Text (8) : 

The file control program 501 will be described with reference to FIG. 4 which shows 
a more detailed program structure. The file control program 501 administers a file 
attribute table 508 and a load information table 509, and delivers a file access 
request delivered from the remote file access processing program 301 to the file 
access control program 601 after converting the file access request into 
information on the file server, information on the file storage device and 
information on a file storage position in the file storage device using those 
tables described above. Processings of distributed placement of files and selection 
of the access objective file server in accordance therewith are performed. For that 
purpose, the file control program 501 is composed of a file access request receipt 
program 504 for receiving a file access request delivered from the remote file 
access processing program 301 and determining whether the request is a write 
request or a read request, a file distributing program 502 for determining by which 
file server the file is to be written at file write time, a read request scheduling 
program 503 for determining to which file server access is to be made at read time 
and a load information monitoring program 505 for measuring the loads of respective 
file servers by counting the number of access requests left unprocessed of 
respective file servers. In the file attribute table 508, a file server identifier 
where files are stored corresponding to respective files, a file storage device 
identifier and information on file storage positions in the file storage device are 
held. The number of access requests left unprocessed of respective file servers is 
held in the load information table 509. 

Detailed Description Text { 9) : 

Next, a first example of the file attribute table is shown in FIG. 5. This example 
shows a case that distributed placement is made in file unit without dividing one 
file or without having duplicates. The file attribute table is composed of two 
areas, i.e., (1) a file attribute area and (2) a disk block index area. The file 
attribute area is composed of respective entries of a file size, a file storage 
mode, a file access processor identifier and a file storage device identifier. The 
file storage modes include local and remote, which show whether the file is stored 
in a file storage device for which its own file server administering the file 
attribute table takes charge of access control or the file is stored in a file 
storage device for which another file server takes charge of access control . The 
file access processor identifier shows an identifier of a file server which takes 
charge of access control of the file storage device where the file corresponding to 
the file attribute table is stored. The file storage device identifier shows a file 
storage device where the file is stored. The disk block index area is formed of 
indexes showing positions of a series of respective disk blocks forming the file in 
the file storage device. 

Detailed Description Text (10) : 

Next, a second example of the file attribute table is shown in FIG. 6. This example 
shows a case that distribution is made by dividing one file. The file attribute 
table is composed of two areas, that is, (1) a file attribute area and (2) a disk 
block index area similarly to the first example shown in FIG. 5. However, the file 
attribute area exists in every disk block, whereby to designate the storage 
location. In the example shown in FIG. 6, it is shown that a first data block 
forming the file exists at the position of the index No. 100 of a disk unit No. 1 
where the first file server performs access control . Thereinafter, it is shown that 
the second data block exists at a position of an index No. 200 of the disk unit No. 
1 where the second file server performs access control and the third data block 
exists at a position of an index No. 300 of the disk unit No. 1 where the third 
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file server performs access control . 
Detailed Description Text (11): 

On the other hand, a program structure of the file server 110 is shown in FIG. 7. A 
communication control program 211 is composed of an interprocessor communication 
device access program 212 which becomes an interface between the LCMP network 900 
and the master file server 100 and an interprocessor communication protocol control 
program 213 for delivering the access request received from the interprocessor 
communication device access program 206 after protocol conversion thereof so that a 
file access control program 611 may interpret the access request. The file access 
control program 611 is formed of a file storage device access program 612 for 
interpreting the access request received from the interprocessor communication 
protocol control program 213 and making access to a magnetic disk unit 710 for 
storing the objective file. The program structure of the file servers 120 and 130 
is quite similar to that shown in FIG. 7. 

Detailed Description Text (14): 

The file control program 501 is operated as shown in FIG. 9. First, in a file 
access request receipt program 504, after a file access request from the remote 
file access processing program 301 is received, it is determined whether the file 
access request is write or read, and the file distributing program 502 is activated 
in case of write and the read request scheduling program 503 is activated in case 
of read. In the file distributing program 502, a file attribute table for a write 
file is generated, and then, a file server has a small number of unprocessed access 
demand is determined as a file server for storing a file by referring to a load 
information table 509. Further, when a duplicate of a file is produced and stored 
in another file server, a file server having a small number of access request left 
unprocessed as the file server for storing a duplicate of the file by referring to 
the load information table 509 again. The information of the file server for 
storing these files and duplicate files is recorded as a server identifier in the 
file attribute table 508, and a load information monitoring program 505 is 
activated. In the read request scheduling program 503, the file attribute table 508 
for the file to be read is acquired, and the file server where the file concerned 
is stored is deduced therefrom. When the file is stored not only in one file 
server, but also the duplicate thereof is stored in another file server, it is 
determined which of the file body or the duplicate is to be read by referring to 
the load information table 509, and the load information monitoring program 505 is 
activated. In the load information monitoring program 505, the load information is 
monitored by incrementing the number of access requests left unprocessed for the 
access objective file server, the information showing the part of the objective 
file to be made access is sent to a file access control program 601, thus 
activating the file access control program 601. 

Detailed Description Text (15) : 

The file access control program 601 is operated in accordance with processing flow 
steps 651, 652 and 653 shown in FIG, 8. First, the file storage device identifying 
program 603 analyzes information delivered from the file control program 501 and 
determines whether it is access to the file storage device 700 for which the master 
file server 100 takes charge of access control or access to file storage devices 
710 to 730 for which the other file servers 110 to 130 take charge of access 
control (a step 651) . In the case of the former, information on the file storage 
device 700 is delivered to the file storage device access program 604 of the master 
file server 100 so as to instruct file access. The file storage device access 
program 604 starts access to the file storage device 700 upon receipt of the 
instruction (a step 652) . In case of the latter, information on the file storage 
device is delivered to the interprocessor communication protocol control program 
208 in the communication control program 201 and an executive file server of file 
access is designated so as to request transfer of the request. The interprocessor 
protocol control program 208 processes these informations so that they may be 
transferred through the LCMP network 900 and delivers the information to the 
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interprocessor communication device access program 206. The interprocessor 
communication device access program 206 sends the received file access request to 
the LCMP network 900 so as to transfer it to the objective file server. Here, 
description will be made assuming that the file server 110 is the objective file 
server. In the file server 110 which is the transfer destination of the file access 
request, an interprocessor communication device access program 212 receives this 
request and delivers it to an interprocessor communication protocol control program 
213. The interprocessor communication protocol control program 213 delivers 
information on the file storage device to a file storage device access control 
program 612 in the file access control program 611 when it recognizes that the 
request is a file access request sent from the master file server 100, i.e., 
another file server. The file storage device access control program 612 makes 
access to the objective file of the file storage device. 

Detailed Description Text (18) : 

Besides, a case that each processor includes one unit each of file storage device 
for performing file access control has been shown in the above-mentioned 
embodiment, but it is apparent that the effects similar to those shown in the 
present embodiment are obtainable even in such a structure that a plurality of file 
storage devices are connected to respective file servers so as to enable access 
control . 

Detailed Description Text (19) : 

Furthermore, even when respective programs such as the file storage device 
identifying program, the file control program and the file access control program 
shown in the present embodiment, it is apparent that the effects similar to those 
shown in the present embodiment are obtainable. 

Detailed Description Text (21) : 

An embodiment shown in FIG. 13 has a structure that the file control program is 
provided in all of the file servers in lieu of the structure that the file control 
program exists only in the specific file server 100 in the embodiment shown in FIG. 
1. Accordingly, no distinction is made between master and slave among the file 
servers 100, 110, 120 and 130. Furthermore, storage areas of respective file 
storage devices 700, 710, 720 and 730 are divided into four sections, respectively. 
Areas 1-1, 1-2, 1-3 and 1-4 are provided in the first file server 100, but those 
are areas executed by the file control program 501. Further, areas 2-1, 2-2, 2-3 
and 2-4 are provided in the second file server 110 but controlled by the file 
control program 511, areas 3-1, 3-2, 3-3 and 3-4 are provided in the third file 
server 120 but controlled by the file control program 521, and areas 4-1, 4-2, 4-3 
and 4-4 are provided in the fourth file server 130 but controlled by the file 
control program 531, respectively. In a word, each file server has an area 
controllable by itself on a file storage device in which other file servers take 
charge of access control mutually. The remote file access processing program 301 
provided only in the first file server 100 has a function of distributing the 
extracted file write request among file control programs of respective file servers 
in consecutive order. According to the present embodiment, it is possible to 
control the file in the file server system distributedly by four units of file 
servers, and it becomes possible to execute file control up to four sets in 
parallel simultaneously in one unit of file server system. Thus, it is possible to 
obtain the effect of high speed access of the present invention and also to obtain 
such an effect that further load distribution becomes possible and the degree of 
parallelism of processing is increased thereby enabling to improve the throughput 
of the file server system. 

CLAIMS: 

1. A file server system having a plurality of file servers connected in parallel on 
a network and sharing files placed distributedly in said file servers among a 
plurality of client computers, comprising in each of said plurality of file 
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servers; 

a file storage means for storing files; 

a first communication control means for controlling communication with another file 
server through said network; and 

a file access control means for receiving a file access request and making file 
access to said file storage means; and further comprising in a specific file server 
among said plurality of file servers; 

a second communication control means for controlling communication with said client 
computers; 

a remote file access processing means for controlling communication protocol of a 
file access request issued from said client computers; 

a load information monitoring means for measuring respective loads of said 
plurality of file servers; and 

a file access request distributing means for referring to the loads measured by 
said load information monitoring means so as to select a file server making file 
access from said plurality of file servers, issuing a file access request to the 
file access control means of its own file server when the selected file server is 
its own file server, and issuing a file access request to the file access control 
means of the selected file server through said first communication control means 
when the selected file server is another file server. 
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